The aims of this study were to assess the dietary intake and monitor self-reported recovery quality and clinical symptomology of a male ultra-endurance runner who completed a multiday ultra-endurance running challenge covering 4,254 km from North Scotland to the Moroccan Sahara desert over 78 consecutive days. Food and fluid intakes were recorded and analyzed through dietary analysis software. Body mass (BM) was determined before and after running each day, and before sleep. Clinical symptomology and perceived recovery quality were recorded each day. Whole blood hemoglobin and serum ferritin were determined before and after the challenge. Total daily energy (mean ± SD: 23.2 ± 3.2MJ·day -1 ) and macronutrient intake (182 ± 31g·day -1 protein, 842 ± 115g·day -1 carbohydrate, 159 ± 55 g·day -1 fat) met consensus nutritional guidelines for endurance performance. Total daily water intake through foods and fluids was 4.8 ± 2.0L·day -1 . Water and carbohydrate intake rates during running were 239 ± 143ml·h -1 and 56 ± 19g·h -1 , respectively. Immediately after running, carbohydrate and protein intakes were 1.3 ± 1.0g·kg BM -1 and 0.4 ± 0.2g·kg BM -1 , respectively. Daily micronutrient intakes ranged from 109 to 662% of UK RNIs. Prerunning BM was generally maintained throughout. Overall exercise-induced BM loss averaged 0.8 ± 1.0%; although BM losses of ≥ 2% occurred in the latter stages, a reflection of the warmer climate. Varying degrees of self-reported perceived recovery quality and clinical symptomology occurred throughout the challenge. This case study highlights oscillations in dietary habits along 78 consecutive days of ultra-endurance running, dependent on changes in ambient conditions and course topography. Nevertheless, nutrition and hydration status were maintained throughout the challenge. Despite dietary iron intake above RNI and iron supplementation, this alone did not prevent deficiency symptoms.
Although participation in ultra-distance events has risen in recent years, evidence on the specific nutritional and hydration requirements of multiday ultra-endurance running (MDUER) is scarce. Previous studies have shown that energy needs can generally be met during ultra-endurance events lasting ≤9 days (Rontoyannis et al., 1989) , but whether specific nutrient requirements can be met over longer events is unclear. The combination of running with a loaded pack, recovery time between bouts being ≤24 h, and other stressors associated with MDEUR (e.g., environmental extremes, sleep deprivation, anxiety, energy, and/or fluid rationing) may present different and/or additional nutritional challenges compared with single bout endurance-based running events. Developing dietary strategies to cope with these challenges and meet energy demands, stay euhydrated, attenuate fatigue and optimize recovery may be needed to maintain running workload on consecutive days and avoid clinically significant issues (e.g., severe dehydration, exercise-associated hyponatremia, iron deficiency anemia, illness and/or infection; American College of Sports Medicine [ACSM] et al., 2007 ; American Dietetic Association [ADA] et al., 2009; Gleeson, 2006) . Indeed, nutritional support has previously aided ultra-endurance runners to meet dietary goals along desert and mountain based self-sufficient and semi self-sufficient events (Britton et al., 2011; Toner et al., 2011) .
There are currently no specific nutrition and hydration guidelines/recommendations for ultra-endurance running; however recent publications do provide some insight into the nutritional requirements of ultra-endurance runners (Costa et al., 2013a; Getzin et al., 2011) . At present, advice for ultra-endurance runners generally centers on consensus guidelines for single bout endurance sports (e.g., Marathon running). For consecutive days of endurance running, achieving energy balance is recommended, along with the provision of sufficient carbohydrate (CHO) to cater for daily running load (e.g., ³10gCHO·kg Body Mass(BM)·day -1 for 4-6h of strenuous running), and sufficient protein (PRO) to provide a nutritional source for repair and to promote exercise-induced adaptations (1.2-1.6 g PRO·kg BM·day -1 ; ADA et al., 2009; Broad & Cox, 2008; Phillips, 2012) . In addition, the consumption of 30-60gCHO·h -1 during running, in an individualized tolerable form, is recommended to maintain workload (ADA et al., 2009; Kerksick et al., 2008) . Moreover, consuming different carbohydrate blends (glucose to fructose ratio of 2:1), up to 90g CHO·h -1 , has been advocated for exercise bouts lasting >3h, and associated with improved oxidation efficiency, reduced fatigue and improved exercise performance (Jeukendrup, 2010) . Immediately after running the consumption of 1.0-1.5 g CHO·kg BM -1 is advised to assist muscle glycogen resynthesis and support immune maintenance, with some additional protein (≥0.5g PRO·kg BM -1 ) to aid repair and healing from exercise-induced tissue damage (Beelen et al., 2010; Costa et al., 2009; Kerksick et al., 2008) . From a hydration perspective, consensus guidelines recommends initiating exercise in a euhydrated state, drink to thirst or plan fluid intake strategies during exercise to avoid BM losses ≥2%, as well as fluid ingestion of × 1.5 BM losses after exercise to recover from substantial degrees of hypohydration (ACSM et al., 2007; Noakes, 2007) . Due to the absence of specific micronutrient recommendations for ultra-endurance running, recommended nutrient intakes (RNI) for the general population are normally advised by support practitioners (Department of Health [DOH] , 2001), with focus on consuming a variety of food groups, despite requirements of certain micronutrients potentially being greater. For example, iron requirements may be 70% higher in long distance runners due to increased iron losses and/or limited intestinal absorption (Whiting & Barabash, 2006) .
Considering the limited evidence available, ultraendurance runners may find it difficult to meet consensus guidelines for endurance sports. This may be due to the lack of nutrition education, cultural norms within ultraendurance sports, development of unintentional symptoms (e.g., appetite suppression, gastrointestinal distress, injury, illness and/or infection), or due to practical/logistical issues (e.g., lack of food preparation facilities/equipment, location, time and/or motivation) which may limit total intake of foods and fluids during consecutive days of ultra-endurance running (Broad & Cox, 2008; Costa et al., 2013a; Rehrer et al., 1992; Zalcman et al., 2007) . With this in mind, the aims of this study were to assess dietary intake, and monitor self-reported recovery quality and clinical symptomology, of a male ultra-endurance runner who completed a MDUER challenge covering a total of 4,254 km from North Scotland to the Moroccan Sahara desert over 78 consecutive days. 
Presentation of the Athlete

Details of the Running Event
The case runner initiated a 4,254 km MDUER challenge (average daily distance 54.6 ± 4.3 km·day -1 ; average speed 6.9 ± 0.8 km·h -1 ), run over 78 consecutive days from John O'Groats (Scotland, UK; GPS Position: 3°6'0"W, 58°36'0"N) to the Sahara Desert (Morocco; GPS Position: 4°0'42"W, 31°5¢57"N). The MDUER challenge covered harsh terrains (e.g., Scottish Highlands, Pyrenees, Atlas Mountains and Sahara desert sand dunes) and extreme weather conditions (ambient temperature (T amb ) max range: 2.8-45.0 °C). Altitude of ascent and descent ranged between 0-2400m above sea level, with 7 days running at altitudes ³1500m (Garmin International, Olathe, Kansas, US). Average nocturnal sleep duration was 8 h 34 min ± 0 h 50 min, while nocturnal sleep quality was rated at 5.9 ± 1.3 (1 = poor, 10 = excellent; Pittsburgh Sleep Diary). Further details of the event are available in Running Beyond Limits (Murray, 2011) .
Overview of Nutritional Plan
Individual consultations took place between the case runner and UK registered Sports Dietitians to discuss dietary intervention, educational resources, nutritional and hydration monitoring and evaluation before the MDUER challenge. Individual tailored dietary action plans were implemented and relevant educational resources were developed and provided to the case runner. The aim of the nutritional support was to develop dietary strategies that met daily energy, macro-and micronutrient requirements, as well as adhering to consensus guidelines for fluid and food intake during and after running (see Background section for further details). On this basis, prescriptive daily food and fluid intake templates, to guide appropriate selection of food/fluid quality and quantity, were provided to the case runner. These took into consideration the country of travel and ambient conditions likely to be encountered. Each day during the MDEUR, foods were purchased and prepared by the support crew, based on what was available locally and what the case runner felt he could tolerate. The case runner had crew support and access to a camper van for sleeping, cooking, and eating.
Data Collection and Analysis
BM was determined by calibrated electronic scales (BF510, Omron Healthcare, Ukyo-ku, Kyoto, Japan) placed on a hard leveled surface before and after running each day. An additional BM measurement was taken before sleep. The case runner and support crew were educated and instructed to recall in detail daily running times and distances, as well as all foods/fluids consumed. This included specific details on food and drink quantities (e.g., g, ml and/or liters) using food package information and measurable (weight and/or volume) vessels, and qualities (e.g., type, brands and cooking techniques) before, during and after running each day. Any foods and fluids that were part of a meal, snack or beverage that was not ingested (food wastage) were recorded and not included within the dietary analysis procedure. Recall information was recorded by the support crew at each stop and evening. Total daily running energy (before, during, and after), macro-and micronutrient, as well as water intakes through foods and fluids were determined on WISP dietary analysis software (Tinuviel Software, Warrington, U.K.). To improve the validity of the dietary analysis, all the nutritional information gathered from packaging was entered into the software program. Daily energy expenditure was estimated using predictive equations (Harris & Benedict, 1919) , and compared against triaxial accelerometry (SenseWear 7.0, Bodymedia, Pittsburg, US; Britton et al., 2011) .
To determine iron status, whole blood hemoglobin (Hb) concentration was measured by Coulter counter (Coulter Ac T diff, Beckman Coulter Inc., Indianapolis, USA), while serum ferritin was measured by immunoassay, before and after (two and seven weeks) the MDUER challenge. Symptoms of iron deficiency anemia were identified through clinical observation by a trained Sports Physician. In addition, the case runner completed a recovery log after each running day-which included a Likert Scale (-3 to +3, 0 indicating a neutral response) for degree of perceived recovery quality, general fatigue, anxiety and muscle soreness. A clinical symptomology log was also completed after each running day, which included reporting symptoms of illness/infection, gastrointestinal distress, and appetite. Descriptive statistics were used to explore data.
Results of Nutritional Plan
An example of the foods and fluids consumed on a typical day is illustrated in Table 1 . Foods and fluids that made the greatest contribution to energy intake over the course of the MDUER challenge were sponge cakes, breads, flavored milkshakes, jelly sweets, and commercial recovery drinks. The drinks that made the greatest contribution to fluid intake were flavored milkshakes, commercial recovery drinks, isotonic drinks, yogurt drinks, and cola. Interestingly, all of the case runner's fluid consumption was nutrient rich (no consumption of plain water was evident). Total daily energy intake (Table 2 ) was within estimated requirements (18.9-24.4 MJ·day -1 ). Total daily macronutrient intakes met consensus guidelines (Table  2) . Carbohydrate intake during running was 56 ± 19 g·h -1 , meeting consensus guidelines on 95% of days. Carbohydrate and protein intakes, immediately after running, met consensus guidelines. Mean daily micronutrient intakes from foods, fluids and supplementation ranged from 109 to 662% of RNI (Table 3) .
Total daily water intake through foods and fluids (range: 2.9-8.0 L·day -1 ; T amb dependant) appears to have generally supported euhydration along the MDUER, based on daily BM records and case runner reporting clear urine output before running onset each day (ACSM et al., 2007; Armstrong, 2007) . Rate of fluid intake during running (239 ± 143 ml·h -1 ), which also varied depending on T amb (e.g., Morocco ≥30 °C: 409-692 ml·h -1 ), appeared to be sufficient to maintain euhydration until the later stages of the MDUER ( Figure 1A and 1B) . Morning prerunning BM fluctuated between 71.9-74.9kg ( Figure 1A ). Overall exercise-induced BM loss averaged 0.8 ± 1.0%, with varying degrees of BM change occurring along the 78 days of running ( Figure 1B) . Absence of weight loss and/or weight gains pre-to postrunning was observed on 18% of days. Before sleep, BM returned to similar prerunning values on all days (73.8 ± 0.6kg).
The case runner reported signs of illness sporadically on 26% of days (including cold/flu and upper respiratory symptoms), disturbing running comfort. Appetite suppression was reported on 5% of days, while symptoms of gastrointestinal distress (including: nausea, diarrhea, and abdominal cramps) were reported on 12% of days, both of which disturbed normal food/fluid intake. In addition, self-reported perceived recovery over the course of the challenge presented fluctuating patterns (Figure 2) .
Although baseline Hb level was clinically normal, Sports Physician verified symptoms indicative of iron deficiency anemia were reported from day 10 onwards, with symptoms becoming more noticeable from Day 55 onwards (Table 4) . From day 58, the case runner initiated ferrous sulfate supplementation (FSS) of 200-400 mg·day -1 , limited by nausea. Two weeks after run completion Hb and serum ferritin levels indicated depleted iron stores and anemia, even though FSS of 600 mg·day -1 was taken during the 14 days after run completion. After a further 5 weeks of 600 mg·day -1 FSS, Hb had returned to normal, but serum ferritin remained low (Table 4) .
Discussion
In accordance with the nutritional strategies adopted for the MDUER challenge, the case runner met consensus guidelines and recommendations for total daily energy and macronutrient intake, carbohydrate intake during running and recovery nutrition, as well as successfully preventing a substantial reduction in BM during the challenge. The maintenance of BM suggests that dietary intake was adequate to meet the energy demands of 78 consecutive days of ultra-distance running, and potentially contributed toward attenuating perceived accumulative fatigue and poor recovery (Figure 2 ), often associated with such events. However, the limitations of using a dietary record tool to assess nutritional intake (Burke et al., 2001 ) must be considered. It is possible that the case runner's energy and fluid intakes were higher than recorded (due to under-reporting). The process of dietary recording can disrupt the running routine, therefore there may have been occasions when foods/fluids were consumed but not recorded.
In regards to hydration status, the fluctuations in total daily fluid intake (4.8 ± 2.0L•day -1 ) appear to have been sufficient to support euhydration during the challenge. Possibly, the high sodium intakes observed (7.1g•day -1 , equivalent to 1466 mg Na•L -1 of ingested fluids), which were above recommendations (700-1200 mg Na•L -1 ; Rehrer, 2001 ) and substantially higher than previously observed sodium intake habits of ultra-endurance runners that promoted eunatraemia (Costa et al., 2013b) , helped to maintain and/or reinstate total body water through extracellular retention. Even though fluid intakes during Table 2 Energy (MJ) 23.2 ± 3.2 0.31 ± 0.04 0.14 ± 0.04 0.04 ± 0.02 Carbohydrate (g) 842 ± 115 (62% energy intake) 11.4 ± 1.6 0.7 ± 0.3 1.3 ± 0.6 Protein (g) 182 ± 31 (13% energy intake) 2.5 ± 0.4 0.1 ± 0.1 0.4 ± 0.2 Fat (g) 159 ± 55 (25% energy intake) 2.2 ± 0.7 0.1 ± 0.1 0.3 ± 0.2 Water (ml) 4827 ± 2022 66 ± 28 27 ± 17 10 ± 2 running appears low, it prevented substantial exerciseinduce BM loss and is in accordance with fluid intake habits of ultra-endurance runners during a multistage ultra-marathon competition (Costa et al., 2013b) . Interestingly, the runner chose and tolerated the consumption of nutrient rich fluids throughout the challenge, with no plain water being consumed even though this source was available; instead focusing his efforts on meeting his energy/ macronutrient needs simultaneously. Exercise-induced BM loss in the case runner was generally <2%, with greater losses seen in later days when ambient temperature exceeded 30 °C. Changes in BM also suggest fluid over-consumption on several days at the beginning of the challenge, when running in colder climates. Notably, this happened despite the case runner "drinking to thirst," which has been previously suggested to safeguard against fluid over-consumption (Noakes, 2007) . The case runner reflected that it was not possible to drink enough fluid to satisfy thirst in the desert stages of the challenge due to gastrointestinal issues. It would have been useful to take further objective measures of hydration status (e.g., plasma osmolality, plasma volume changes) to identify more clearly the fluctuations in hydration status along the MDUER challenge. Despite daily iron intake averaging 58 mg·day -1 and additional FSS, the case runner's iron status contradicts findings from other studies on endurance athletes, which suggest low prevalence of iron depletion and anemia (Fallon et al., 1999; Fallon, 2008) . High running volumes, running at altitude and limited recovery time may together present an increased burden on iron metabolism upon which there is little research. Recently the role of hepcidin in regulating iron absorption has been highlighted (Peeling et al., 2008) . Authors speculate that changes in liver hepcidin production linked to inflammatory responses from exercise-induced tissue injury may inhibit iron absorption. On this occasion, it was not feasible to measure systemic hepcidin concentration or inflammatory responses due to the invasiveness and difficulties of blood sampling along the MDUER route. Research on how to optimize iron status in MDUER challenges is warranted, for example, taking into account iron food/fluid sources (heam vs. nonheam), iron absorption inhibitory and stimulating nutrient counterbalance, and potential use of anti-inflammatory agents. These practical actions may be useful adjuncts to iron supplementation, reducing the need for a pharmacological dose with its associated side effects.
Overall, the case runner indicated that he valued the nutrition support before and during the MDUER challenge, and felt that this contributed to the success of completing the event. It is however difficult to compare these outcomes with the case runner's experience without guided nutritional support. Nevertheless, the results of this case study suggest that with dietary intervention it is feasible to meet the energy and macronutrient requirements, and maintain euhydration during 78 consecutive days of ultra-distance running. The development of iron depletion anemia in the case runner, despite an iron intake above recommendations and prescriptive FSS, suggests further research is warranted in relation to iron metabolism and status during MDUER. 
